Objective: To examine the combined influence of four lifestyle risk factors related to physical activity, television viewing, sleep duration, and meal frequency on body fat (BF) in adolescents. Method: This cross-sectional study comprised 1,310 Spanish adolescents (age 13-18.5 years). Lifestyle variables were self-reported and BF indicators (weight, height, six skinfold thicknesses, waist circumference) measured during the years 2000-2002. Lifestyle risk factors were: physically inactive, 3 h/day watching television, <8 h/day sleep duration, and <5 meals a day. The number of lifestyle risk factors was calculated for each participant, ranging from 0 to 4. Results: The number of lifestyle risk factors was positively associated with sum of six skinfolds, %BF, waist circumference, and waist-height ratio (all p < 0.001). The odds ratios (95% confidence interval) of overweight (including obesity) for groups with 1, 2, and 3-4 lifestyle risk factors compared with those with 0 were 2.86 (1.77-4.62), 3.61 (2.16-6.04), and 5.81 (3.07-10.99), respectively (p for trend <0.001). All the observations were independent of age, gender, race, socioeconomic status, and fat free mass. Conclusion: The combined influence of four lifestyle risk factors is positively associated with BF and an approximately sixfold risk of overweight in adolescents.
Introduction
Obesity is considered an independent predictor of all-cause mortality and numerous chronic diseases in adults [1] . In Spain, findings from the AVENA (Alimentación y Valoración del Estado Nutricional de los Adolescentes/Feeding and Assessment of Nutritional Status of Spanish Adolescents) study showed that 1 out of 4 adolescent boys was overweight or obese, whereas 1 out of 5 adolescent girls was at least overweight [2] . Since obese adolescents are likely to become obese adults, obesity in adolescence is one of the main concerns for the Spanish public health system [3] . Secular trends in pediatric obesity during the last decades as well as the concurrent increase in the number of behavioral risk factors from childhood to adulthood suggest a possible cause-effect [4] . Notwithstanding, since obesity is a multifactorial condition [4] , new paradigms support a multiple health behavior approach to prevent obesity [5] . This novel perspective highlights the stronger impact of multiple lifestyle behavior strategies rather than single behavior interventions [5] .
Nowadays, unhealthy diets and low levels of physical activity are the most recognized lifestyle risk factors related to obesity in youth [4, 5] . In addition, recent evidence with regard to the damage of increasing sedentary behaviors such as television (TV) viewing and an inadequate sleep time is also gaining importance in public health policies [6, 7] . Hence, although these four lifestyle risk factors (diet, physical activity, TV viewing, and sleep duration) are related to obesity, the combined influence of these modifiable lifestyle behaviors on obesity in adolescents remains unknown; as a result, they
Martinez-Gomez/Moreno/Romeo/Rey-López/ Castillo/Cabero/Vicente-Rodriguez/Gutiérrez/ Veiga/Marcos might have relevant short-and long-term public health implications. Therefore, the aim of this study was to examine the combined influence of lifestyle risk factors related to physical activity, TV viewing, sleep duration, and meal frequency on body fat (BF) in Spanish adolescents.
Participants and Methods

Participants
The adolescents for the present study were participants in the AVENA study. The complete and detailed methodology of the AVENA study has been described elsewhere [8] . In brief, the AVENA study was designed to evaluate dietary patterns, body composition, lifestyle habits, health indicators, and genetic markers in a representative sample of adolescents, aged 13-18.5 years, from five Spanish cities (Granada, Madrid, Murcia, Santander, and Zaragoza), during the years 2000-2002. The final sample size stratified by age, sex, geographical location, and type of school was 2,859. Of the final sample, participants lacking the complete set of anthropometry and lifestyle variables were excluded, and thus, the final sample for this study was 610 adolescent boys and 700 adolescent girls (n = 1,310). This final sample size also had available data on socioeconomic status (SES) defined by the mother's educational level in four categories (elementary school, middle school, high school, university). Parents and guardians were informed about the nature and purpose of the study, and they gave their written informed consent. The AVENA study protocols were approved by the Review Committee for Research Involving Human Subjects from Marques de Valdecilla University Hospital.
Anthropometry
Harmonization and standardization of anthropometric measurements within the AVENA study has been detailed elsewhere [9] . Anthropometric measurements were made with participants barefoot and in their underwear. Body mass index (BMI) was calculated as body weight (kg)/ height (m) squared. Overweight (including obesity) adolescents were classified according to age-and sex-specific BMI cut-offs proposed by Cole et al. [10] . Skinfold thicknesses were measured at the left side of the body with a Holtain caliper at the following six sites: triceps, biceps, subscapular, suprailiac, thigh, and calf. Waist circumference (WC) was measured with an inelastic tape between the lowest rib and the iliac crest, at the end of a gentle expiration. Percentage of body fat (%BF) was calculated using Slaughter's equations [11] , which have shown reasonable validity to estimate %BF in Spanish adolescents [12] . Fat free mass (FFM) was estimated from %BF and body weight. In this study, the sum of the six skinfold thicknesses (sum6) and %BF were used as indicators of total BF, whereas WC and waist-height ratio were used as indicators of abdominal BF.
Lifestyle Behaviors
Lifestyle behaviors in the AVENA study were self-reported. Leisure time physical activity (LTPA) was determined from the following question: 'Do you undertake any physical sporting activity after school?' Adolescents had to select: i) none; ii) one; iii) more than one. Adolescents' time watching TV was asked as follows: 'How many hours do you usually spend watching TV per day?' Adolescents had to select one of the following categories: i) none; ii) less than 0.5 h; iii) between 0.5-1 h; iv) between 1-3 h; v) between 3-4 h; vi) more than 4 h. In order to assess sleep duration, adolescents answered two questions: i) 'When do you usually go to bed on weekdays?' There were seven possible answers ranging from 21:00 to 00:00, with every category adding 30 min to the previous one; ii) 'When do you usually get up in the morning on weekdays?' In this question, adolescents had six possible options ranging from 06:30 to 09:00. The sleep duration was calculated by the difference between going to bed and time when getting up. Finally, participants also reported the regularity of eating or not eating the following meals: breakfast, morning snack, lunch, afternoon snack, dinner, and evening snack.
In the current study, lifestyle risk factors were considered as follows: physically inactive (non-LTPA), 3 h/day watching TV, <8 h/day sleep duration, and <5 meals a day. The number of lifestyle risk factors was also calculated for each participant, ranging from 0 to 4. The categorization of these risk factors was chosen based on previous reports from the AVENA study and public health recommendations [13] [14] [15] .
Statistical Analysis
Descriptive characteristics of this study are presented as mean (SD), unless otherwise indicated. Gender differences were analyzed by one-way analysis of variance (ANOVA) for continuous variables and Chi-squared tests for categorical variables. Preliminary analyses showed no significant interactions between gender and lifestyle behaviors or other main factors; therefore, all analyses were conducted with adolescent boys and girls together.
Differences in levels of total (sum6 and %BF) and abdominal (WC and waist-height) BF for individual lifestyle risk factors (physical activity, TV viewing, sleep time, and number of meals a day) were assessed by analysis of covariance (ANCOVA) adjusted by age, gender, race, SES, and FFM. Similarly, binary logistic regression was performed to examine the odds ratio (OR) and 95% confidence intervals (CI) of being overweight (including obesity) in those adolescents having individual lifestyle risk factors.
Associations of lifestyle risk factors combined with total and abdominal BF in adolescents were analyzed by linear regression adjusted by potential confounders using four additive models. In addition, differences in total and abdominal BF by number of lifestyle risk factors in adolescents were analyzed by ANCOVA adjusted by the same confounder variables. Finally, binary logistic regression was also performed to examine the ORs and 95% CI of being overweight by number of lifestyle risk factors adjusted by confounder variables. All the analyses were conducted using SPSS 15.0 for Windows, and statistical significance was set at p < 0.05.
Results
Sample characteristics and gender differences are depicted in table 1. Overall, adolescent girls had significantly higher levels of total BF than boys, whereas adolescent boys had higher levels of abdominal BF than girls. Moreover, a higher percentage of adolescent boys than girls had overweight or obesity (p = 0.003). Gender differences in lifestyle risk factors were also detected for non-participation in LTPA (p < 0.001) and insufficient sleep duration (p = 0.040), but not for TV viewing (p = 0.650) or meal frequency (p = 0.409). Approximately, adolescents with 0, 1, 2, 3, and 4 lifestyle risk factors were 20% (164 boys, 100 girls), 44% (294 boys, 282 girls), 28% (124 boys, 245 girls), 7% (25 boys, 69 girls), and 0.5% (3 boys, 4 girls), respectively. Table 2 shows the differences in levels of total and abdominal BF for individual lifestyle risk factors independently of age, gender, race, SES, and FFM. Adolescents with lifestyle risk factors in LTPA or TV viewing or meal frequency showed higher levels of total and abdominal BF than adolescents without risk factors (all p < 0.05), with the exception of a trend for significance (p = 0.094) in waist-height ratio levels Figure 1 shows the differences in levels of total and abdominal BF by number of lifestyle risk factors. Since only 0.5% of the adolescents had 4 lifestyle risk factors, these statistical analyses were performed with four groups (0, 1, 2, and 3-4 risk factors). ANCOVA showed significant trends in values of total and abdominal BF by number of lifestyle risk factors (all p < 0.001), independently of potential confounder variables. Indeed, significant differences in all the BF measurements were found between adolescents with 0 lifestyle risk factors and those who had more risk factors (all p < 0.001). Figure 2 shows that adjusted ORs (95% CI) for ascending groups of lifestyle risk factors compared with those with 0 risk factors were 2.859 (1.771-4.617), 3.607 (2.156-6.035), and 5.809 (3.071-10.990), respectively (p for trend <0.001). health outcomes, such as mortality and the risk of cardiovascular disease events in adults [20] [21] [22] . For example, lifestyle behaviors used in the European Prospective Investigation into Cancer and Nutrition (EPIC) study were based on physical activity, alcohol consumption, smoking, and vitamin intake [21, 22] . The combination of these four lifestyles predicted approximately a four-and a twofold difference in total mortality [21] and incidence of stroke [22] in men and women, respectively.
In the current study, we have observed that adolescents with 0 lifestyle risk factors had significantly lower levels of total and abdominal BF than adolescents with more risk factors. In contrast, the individual influence of lifestyle risk factors on fatness was limited to three behaviors, i.e. physical activity, TV viewing, and meal frequency. Indeed, these observations were more remarkable when we examined the individual and combined influence of lifestyle risk factors and the risk of overweight. Thus, when examining the individual influence of risk factors, only those adolescents who did not meet at least 5 meals a day had significant odds of being overweight. In spite of this fact, adolescents with 3 or 4 lifestyle risk factors had a sixfold risk of overweight compared to those with 0 risk factors.
How lifestyle factors interact with each other for preventing obesity is still not well understood. Several studies in adolescents have thrown light on this issue with contradictory findings [23] [24] [25] . Jago et al. [23] examined associations between physical activity and dietary behaviors in UK adolescents. Since both behaviors were weakly related, the authors suggested that interventions should focus on implementing strategies that were independently successful at changing diet or physical activity behaviors either separately or in combination. Taveras et al. [24] pointed out that changes in TV viewing during adolescence were not associated with changes in LTPA. On the contrary, a cross-sectional study by Driskell et al. [25] showed that physical activity and fruit/vegetable consumption declined, while TV viewing increased in adolescents. Therefore, having 1 lifestyle risk factor almost always significantly increased the odds of being at risk for another lifestyle behavior [25] . Further studies with experimental designs are necessary to understand the relationships among multiple lifestyle risk factors and obesity prevention across the lifespan.
Adolescence is a crucial life period and the bridge between childhood and adulthood. Thus, while the child is almost completely influenced by the closest environments (i.e. family, peers, school, community), adolescents begin to take decisions regarding their lifestyle behaviors. This might be the explanation of why, to date, there is little evidence of success in interventions for preventing obesity in children, and even less in adolescents [17] [18] [19] . Therefore, healthy lifestyle behaviors should be introduced or included into daily routines from early childhood and major efforts should be devoted to decrease multiple lifestyle risk factors in adolescence. This per-
Discussion
The findings of this study suggest that 4 lifestyle risk factors combined (physical activity, TV viewing, sleep duration, and meal frequency) are positively associated with both total and abdominal BF as well as with a higher risk of being overweight in adolescents, independent of potential confounders. Thus, although physical activity, TV viewing, sleep patterns, and meal frequency have shown to be a key role on obesity, from a public health perspective, promoting a combination of health behaviors might have a major impact to palliate the current increasing pediatric obesity epidemic.
Previous studies in adolescents have shown the combined influence of 2 lifestyle risk factors on BF, but the present study shows the possible combined influence of 4 putative lifestyle risk factors. For example, the study carried out in 13,600 US adolescents by Eisenmann et al. [16] showed that adolescent girls with high rates of TV viewing and low participation in vigorous physical activity had the highest odds of overweight. In addition, intervention studies that focused on combining lifestyle behaviors in youth showed mixed results [17] [18] [19] . Nevertheless, there is strong evidence regarding the combined effect of several lifestyle risk factors on relevant Martinez-Gomez/Moreno/Romeo/Rey-López/ Castillo/Cabero/Vicente-Rodriguez/Gutiérrez/ Veiga/Marcos overweight in adolescents. Although these results may have relevant implications for future public health strategies, prospective studies are needed to confirm the value of these observations.
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spective is in concordance with the present study in adolescents and one study in preschool-aged children [26] where children exposed to the three household routines of regularly eating the evening meal as a family, obtaining adequate sleep duration at night, and having limited TV viewing time approximately had 40% lower prevalence of obesity than those exposed to none of these routines [26] .
The present study supports recent statements based on multiple behavior practices in preventive medicine [5] . We cannot know whether interventions designed to simultaneously change these 4 lifestyle risk factors might be effective. However, our results suggest that adolescents who scored 0 lifestyle risk factors had significantly lower levels of BF and a lower risk of overweight, and hence, multiple behaviors might have a greater impact on obesity. In addition, the four selected lifestyle behaviors are commonly promoted in public health messages focusing on the child's environment [4] . Indeed, public health messages are easily understandable, concise, generalizable, and in agreement with the search for the most cost-effective preventive strategies. Nevertheless, the impact of public health messages on lifestyle changes in children, adolescents, and their environments need further research.
Strengths of our study are the use of different measurements of total and abdominal BF, the inclusion of relevant confounder variables into all the analyses, and the heterogeneous adolescent population from five Spanish cities. Several limitations in the current study should also be acknowledged. The cross-sectional study design limits drawing causal inferences, and prospective as well as prevention studies are needed. Owing to the unfeasibility to use objective instruments in large-scale research, lifestyle variables were selfreported and results must be interpreted with caution. Given the sample size and the low prevalence of adolescents who had 4 lifestyle risk factors, we had to merge the group with three or four behaviors, limiting the possibility to observe differences across the five lifestyle groups (0-4).
In conclusion, the combined influence of 4 lifestyle risk factors (physical activity, TV viewing, sleep duration, and meal frequency) was positively associated with levels of total and abdominal BF as well as with an approximately sixfold risk of
